To present the results of our treatment of dural cavernous sinus fistulas with surgical exposure of the superior ophthalmic vein (SOV), retrograde venous catheterization, and coil embolization of the cavernous sinus. METHODS: Twelve patients with dural cavernous sinus fistulas were treated via a retrograde transvenous SOV approach in our hospital during a 3-year period. All patients had been referred by ophthalmologists because of secondary glaucoma and decreased visual acuity. Angiography showed preferential venous drainage of the dural cavernous sinus fistulas to an enlarged ipsilateral SOV. A total of 13 SOV exposures were performed, one patient with bilateral fistulas required bilateral treatment. The vein was surgically exposed by an ophthalmologist and then catheterized. Platinum coils were delivered through a microcatheter at the fistula site and into the root of the SOV, until there was complete angiographic closure. RESULTS: Catheterization and embolization were successful in 12 of the 13 patients, with complete angiographic occlusion of the fistula. Two patients with bilateral fistulas had transient worsening of symptoms on the contralateral side. Three patients required follow-up angiography. No early complications occurred, and late complications were minor in two cases. All patients except one with long-standing symptoms recovered premorbid visual acuity. At follow-up, 11 (92%) of the 12 embolized fistulas remained occluded. CONCLUSIONS: Retrograde catheterization of the SOV and embolization of the cavernous sinus with coils is a direct, safe, and efficient way to occlude dural cavernous sinus fistulas.
Dural arteriovenous fistulas represent 10% to 15% of all intracranial arteriovenous malformations (A. Fox, G. Duckwiler, "Dural Arteriovenous Fistula," presented at the annual meeting of the American Society of Neuroradiology, St Louis, Mo, June 1992). Most dural fistulas are acquired conditions, typically occurring in postmenopausal women, but sometimes in younger patients in association with pregnancy (1-3). These fistulas account for most of the "spontaneous" cavernous carotid shunts (usually low-flow) (2, 4, 5) , and are occasionally related to past trauma or surgery (6) .
The vascular malformation consists of a nidus of multiple fistulas in the wall of a dural sinus. The arterial feeders are usually meningeal branches arising from the internal carotid artery (ICA) or the external carotid artery (ECA). Barrow et al (3) classified carotid cavernous fistulas into four groups according to arterial feeders. Types B, C, and D are dural fistulas, with feeders arising from the ICA only, the ECA only, or both the ICA and ECA, respectively. The arterialized blood usually drains into the dural sinus itself, either directly or through venous branches. Symptoms are related to the degree of shunting and the route of venous drainage (7) (8) (9) . When there is partial thrombosis of the cavernous sinus, venous drainage can be diverted to the ophthalmic veins with associated ocular symptoms; most frequently, conjunctival injection (red eye), glaucoma, diplopia, and proptosis (1, 2) .
The natural evolution of this vascular malfor-mation is variable; many spontaneously resolve by thrombosis (2, 7) . If symptoms persist or worsen, treatment is considered. We report our experience in the treatment of dural cavernous sinus fistulas through a retrograde transvenous superior ophthalmic vein (SOV) approach using coils in patients with decreased visual acuity. The SOV route was described in 1969 for electrically induced thrombosis of the cavernous sinus (10) 
Subjects and Methods
During a period of 3 years, we treated 12 patients with dural cavernous sinus fistulas through a retrograde transvenous SOV approach (Table 1) . This represents 15% of the population who underwent embolization for dural arteriovenous fistulas of the cavernous sinus.
The patients included 10 women and two men, 27 to 86 years old (mean, 49.5 years). Three had a recent history of trauma; all the other fistulas were spontaneous in origin. One patient (case 7) presented several months after delivery of a child. Two patients (cases 2 and 12) had longstanding adult-onset diabetes mellitus.
All patients presented with red eye (conjunctival injection) and proptosis. The time between presentation and treatment ranged from 2 months to 2 years. In all cases, declining visual acuity prompted the ophthalmologists to consider endovascular occlusion.
Most of the patients had imaging findings-computed tomography (CT), magnetic resonance (MR) imaging, MR angiography, or Doppler sonography-that suggested the presence of a low-flow cavernous sinus shunt. In two patients (case 4 and 11), however, the initial findings at CT or MR imaging were negative.
Bilateral common carotid and selective internal and external carotid angiography was performed in all patients to assess the feeding arteries and the fistulous site and drainage before treatment. Bilateral fistulas are defined as those located in the dura of both cavernous sinuses. Unilateral fistulas may have feeders from both carotid systems, with the fistulous site limited to one cavernous sinus.
Whenever a selective transarterial catheterization was performed to embolize ECA feeders (cases 2, 3, 4, and 5), systemic heparinization was used.
The SOV was exposed by the ophthalmologist, with the patient under general anesthesia, and with lateral fluoroscopic control and a femoral artery sheath in place (19, 20) . No systemic heparinization was used in order to enhance thrombosis of the cavernous sinus and reduce the likelihood of bleeding. The exposed vein was punctured with a 4F micropuncture system (Cook, Bloomington, Ind), and the needle was introduced only a few millimeters into the middle third of the vein until blood refluxed into the hub. The micropuncture set guidewire (0.018 gauge) was then carefully introduced inside the lumen and pushed gently into the cavernous sinus under fluoroscopic control. Once the wire was secured manually, the needle was retrieved and the 4F introducer was advanced about 2 to 5 cm coaxially. The introducer was secured to the vein by light detachable silk knots to avoid inadvertent dislodgment during manipulation. (Retrograde venography can be performed through the introducer sheath or later through the microcatheter.) The short (90 cm) Tracker 18 microcatheter (Target Therapeutics, Fremont, Calif) and wire (Dasher 14, Target Therapeutics) complex was advanced retrogradely to the cavernous sinus and positioned at the level of the fistulous site (as determined by the arteriogram). Selective venography through the microcatheter was performed manually under low pressure to avoid increasing intraocular pressure.
The embolic material we used included platinum ("flower") coils (Target Therapeutics) or Hilal coils (Cook) in most cases. We required between 10 and 27 Hilal coils to achieve angiographic occlusion. The coils were introduced with a coil pusher and deposited from the fistulous site posteriorly in the cavernous sinus to the base of the ipsilateral ophthalmic vein anteriorly. The use of a sheath permitted repositioning of the catheter tip as necessary to compact the coils adequately. In two patients (cases 6 and 8), we used Guglielmi electrically detachable platinum coils (Target Therapeutics).
When occlusion was considered satisfactory (no fistulous flow on the arteriogram), the venous catheter and sheath were removed after loosening of the silk ligatures. There was no significant bleeding because the vein was no longer arterialized. The vein was then ligated or cauterized before the lid incision was closed. We avoided silk sutures to prevent the formation of granulomas.
Follow-up angiography was not considered necessary in patients who had progressive improvement of visual symptoms. However, angiography was performed to evaluate contralateral orbital symptoms in two patients (cases 9 and 12) and to document complete eradication of a fistula in a patient in whom image quality was poor (case 8).
Results
According to the classification by Barrow et al (3) , two patients (cases 6 and 8) had type B fistulas (ICA feeders only) and the other 10 had type D fistulas (both ICA and ECA feeders). There were no type C fistulas (ECA feeders only) in our series.
Angiography revealed a dangerous anasto-mosis between the ECA and ICA systems in two type D fistulas (cases 2 and 7), precluding safe ECA embolization. Retrograde pial venous drainage was seen in two patients (cases 3 and 12), prompting urgent occlusion. In four patients with type D fistulas (cases 2, 3, 4, and 5), prior transarterial external carotid embolization was insufficient to occlude the dural fistula and to relieve visual symptoms. Embolization was done with polyvinyl alcohol particles (350 to 500 m) in cases 3, 4, and 5 and with coils in case 2. Three patients (cases 7, 9, and 12) had bilateral fistulas, and in these instances the most symptomatic side-the one with the enlarged SOV-was embolized. One patient (case 12, Fig 1) was initially treated from the right side (with coils also being deposited in the contralateral cavernous sinus, since the microcatheter crossed the coronary plexus). Symptoms from the right ameliorated, but during the following month contralateral symptoms progressed. Repeat angiography disclosed that the ipsilateral fistula had not thrombosed completely, and the contralateral fistula had worsened. Drainage on that occasion was to the left orbit, where two small SOVs were seen with very little drainage posteriorly to the left inferior petrosal sinus.
Superior ophthalmic vein (SOV) approach to embolization of cavernous sinus dural fistulas
On the day of embolization, the SOV did not fill in two patients (cases 2 and 5), indicating venous thrombosis. In both cases, retrograde catheterization of the SOV was possible with our usual technique. In case 2, the SOV was thrombosed 5 days after the initial angiogram; in patient 5, who had thrombosis of the posterior cavernous sinus, the SOV had thrombosed the G, Anteroposterior angiogram, venous phase, of right ECA shows the small left SOV branching anteriorly (arrow). It was located deep in the orbital apex, and we were not able to catheterize it. day after the initial angiogram and a transfemoral angular vein approach had failed.
The transfemoral inferior petrosal sinus venous route failed in five patients (cases 4, 6, 7, 9, and 11). Figure 2 illustrates a patient (case 11) in whom an angular vein approach was not possible and a transfemoral inferior petrosal sinus route failed owing to the smallness of this structure.
No complications occurred on the day of the procedure. In the postprocedural period, most patients reported headache, dizziness, or nausea, which were attributed to chemical meningitis related to the thrombosis of the cavernous sinus.
Two delayed complications occurred. One patient (case 4) had a palpebral silk granuloma that was surgically removed for cosmetic reasons. Another patient (case 9), who had bilateral fistulas, had a transient contralateral cavernous sinus syndrome (abducens palsy) the day after the embolization. A follow-up angiogram performed on day 5 documented bilateral occlusion of the fistulas.
Progressive improvement of ocular symptoms (glaucoma, visual acuity) ensued in the following weeks. All but two patients (cases 4 and 12) recovered their premorbid visual acuity. In case 4, intraocular pressure normalized, but visual acuity and normal visual fields (small central scotoma) were not recovered. This may be related to the delayed diagnosis (after 2 years) and the long interval (9 months) between the ECA embolization and definitive SOV occlusion. In case 12, the contralateral fistula could not be occluded, and thus visual acuity did not change on that side. Occlusion was evidenced angiographically in 92% of the patients in our series.
Discussion
Making a correct diagnosis of a dural cavernous sinus fistula is clinically difficult and may take months. The symptoms of these low-flow fistulas are not as dramatic as in traumatic highflow cavernous sinus fistulas. Most patients do not have bruit (only three of our patients did) or pulsatile exophthalmos (none of our cases), which indicate a vascular lesion. This diagnosis should always be considered in patients with a red eye and arterialized episcleral vessels (1, 19) .
Once clinical suspicion is raised, diagnosis can be supported by contrast-enhanced CT and MR imaging, MR angiography, or Doppler imaging studies, which can detect enlarged draining veins. MR imaging may suggest thrombosis or slow flow in the SOV when this structure appears hyperintense (instead of the usual flow void) on T1-weighted images (21) . Phase-contrast MR angiography and Doppler studies permit identification of flow reversal in the enlarged SOV.
Dural cavernous sinus fistulas are rarely life threatening, and may not require angiography or embolization (1, 22) . In most cases, the initial step should be to wait, because there is a high rate of spontaneous closure (between 17% [2] to 50% [1] ). Angiography is reserved for cases in which progression of symptoms occurs and occlusion of the fistula is considered. Bilateral ECA and ICA injections must be performed to assess the feeders, the site of the fistula, the venous drainage, and the hemodynamics of the lesion. All these factors influence possible treatment options. There is frequent contribution from contralateral dural vessels (2, 3, 7, (23) (24) (25) (26) and, occasionally, from meningeal branches of the vertebral artery. After angiography, the fistula sometimes occludes, possibly related to thrombogenicity of angiographic contrast material (27, 28) .
Several techniques have been used to attempt fistulous occlusion. Carotid compression is a simple maneuver that can be tried (26, 29) . Patients at risk for embolic stroke or who show susceptibility to vasovagal hypotension at carotid massage should be excluded from this treatment. Reported cure rates are 30% in dural fistulas (30) . Carotid compression was used and failed in two patients in our series (cases 8 and 10).
In the past, carotid ligation, carotid trapping, and other surgical techniques have been used to treat cavernous carotid fistulas. In most cases, the carotid was sacrificed. These methods were often ineffective because the site of the fistula was not always occluded and could recanalize through collaterals from the vertebral and ophthalmic arteries (11) . A combination of surgery and vascular embolization has also been used (9, 12) .
Today, endovascular methods permit distal occlusion of the abnormal dural feeders and fistulas, eliminating abnormal venous drainage and preserving the carotid artery. The route depends on the vascular anatomy and the rate of fistulous flow (31) .
Venous drainage of dural cavernous carotid fistulas is usually to the ipsilateral cavernous sinus. Depending on the site of the fistulous connection, subsequent drainage may be anterior (either to the SOV or the inferior ophthalmic vein) or posterior (to the inferior petrosal sinus, pterygoid, or clival plexus). When the drainage is to the inferior petrosal sinus (these cases are seen less frequently with decreased visual acuity), a transfemoral jugular venous embolization is feasible. If the drainage is anterior, to the orbital veins, we use an anterior SOV approach. The facial or angular veins may also be used (32) , but catheterization to the fistulous site is not always feasible (case 11, Fig 2) .
Endovascular embolization of ECA feeders in type C fistulas has a high success rate (26, 31) . In type D fistulas, the ECA system is usually embolized first, since it may be sufficient to decrease symptoms. In bilateral fistulas, embolization of the most symptomatic side may also occlude the contralateral fistula. When there is predominant ICA supply or when ECA embolization is insufficient, venous embolization is indicated. The purpose of venous embolization is to occlude the fistula without rerouting venous drainage to cortical structures (26) . When catheterization is possible, transvenous embolization has high (100%) occlusion rates (12) . Some authors report a 50% rate of catheterization of the inferior petrosal sinus not detected at angiography (13) , but in our hands we estimate a 30% success rate, even in cases in which the inferior petrosal sinus is seen. We prefer the SOV route when there is decreased visual acuity and anterior venous drainage.
The SOV route has been described for electrically induced thrombosis of the cavernous sinus since 1969 (12) (Peterson et al, "Electrically Induced Thrombosis...,"). This route has been used for embolization of cavernous carotid fistulas with detachable balloons (31) and other embolic materials (11-13, 15, 16) . Surgical exposure of the angular vein and catheterization of the distal SOV have also been described (14, 17, 32) . Hanneken et al (18) used the SOV route when transarterial embolization could not be performed, was too dangerous, or had failed. Teng et al (15) used the SOV route when the posterior half of the SOV was enlarged, not focally narrowed, and the inferior petrosal sinus was not accessible. We used this route even in two patients in whom the enlarged SOV was thrombosed at the time of SOV exposure.
Bilateral fistulas were more complicated to treat. To control the pain and rapid visual decline on the contralateral side in one patient (case 12), we attempted to catheterize the left SOV, but failed because it was not significantly enlarged and very posterior in the orbital apex. The only alternative treatment, direct surgical exposure of the cavernous sinus, was considered too aggressive in this patient with endstage pulmonary carcinoma. On follow-up examination at 1 month, the patient had recovered most visual acuity on the treated side, but symptoms had worsened significantly on the contralateral side.
Embolic materials used for the SOV route include coils or balloons. The results of both methods are similar (20) , but we prefer coils because they are technically less complicated and allow the use of a smaller-diameter catheter (4F instead of 5F) in the SOV.
We required between 10 and 27 Hilal coils to achieve angiographic occlusion. Guglielmi electrically detachable coils, which permit the insertion of a longer platinum wire segment and thus reduce the number of manipulations of the SOV, were used in two patients (cases 6 and 8). Angiographic results were satisfactory and the procedure was less complicated than when Hilal coils were used.
Potential complications of the SOV approach are hemorrhage resulting from the surgical cut down, the venous puncture, or rupture of the SOV; damage to the trochlea or other orbital structures; and infection. We do not routinely administer intravenous antibiotics and have not had any case of orbital infection. Late complications, such as granulomas, should not occur if silk sutures are avoided.
The current literature supports use of the SOV approach only when the transfemoral venous access has failed. However, our initial experience with surgical exposure of the SOV established some advantages over the transfemoral route. A direct approach to the cavernous sinus requires fewer catheter manipulations. Surgical exposure permits direct visibility and immobilization of the SOV, with less risk of rupture of the arterialized vein than with direct puncture. This approach also allows control of possible orbital hemorrhage. These advantages prompted us to choose this route for the treatment of dural cavernous sinus fistulas with predominant venous drainage to the SOV. In addition, the SOV exposure is not expensive, the extra surgical charge for the ophthalmologist is $2500 at our institution, and the extra time needed is between 1 and 2 hours.
In conclusion, we find that retrograde catheterization of an enlarged SOV is a safe, direct, and efficient way to access the cavernous sinus, allowing endovascular coil occlusion of dural cavernous sinus fistulas with excellent angiographic and clinical results. We were able to use this route successfully even in two patients with recent SOV thrombosis. We thus recommend its use in the following circumstances: 1) when decreased visual acuity is associated with venous hypertension in the orbit; 2) when a large SOV is seen on MR or CT studies; 3) when the predominant arterial supply is from the ICA (Barrow type C and some type D); 4) when the external carotid feeders are dangerous to embolize because they anastomose with the ICA; and 5) when the transvenous jugular route fails.
Further research and larger patient populations are needed to validate these criteria for endovascular occlusion of dural cavernous sinus fistulas through the SOV.
